Design of a depressed collector system for a quasi-optical gyrotron, which had a severe constraint on the maximum allowable radius of the collector region is outlined. The needs for unwinding of spent beam and for energy sorting could be accommodated by precise control of the magnetic field profile, especially in the collector region. Techniques used for defining and obtaining such profiles; and for dovetailing the profile with the collector geometry are discussed. Results on profiles and electron trajectories are presented, which demonstrate the feasibility of the design. From primary electron trajectories a collector efficiency of up to 68% has been calculated for a three collector design.
INTRODUCTION
Some of the main issues involved in design of energy recovery systems for gyrotrons are: a) separation of the paths of the spent beam and the rf output, b) unwinding of the spent beam, and c) energy sorting before collection at different depressed potentials. As regards the first item, quasi-optical gyrotrons (QOG) have the advantage that the two paths are naturally separated. 1*This work is supported by the U.S. Department of Energy. 2**Permanent address: University of Michigan, Ann Arbor, MI The spent beam emerging from the rf interaction region still has a large portion of its energy in transverse motion. That needs to be converted into axial motion, as far as possible. With that accomplished the beam energy can be recovered by an electrostatic retarding field, which is largely in the axial direction. In large-orbit gyrotrons this unwinding of the beam can be done by a non-adiabatic transition through a magnetic cusp [l] . In the ease of small orbit gyrotrons, initial unwinding can be done by adiabatic expansion of the beam, followed by a non-adiabatic transition [2] . During adiabatic expansion, the radius of the beam increases in the ratio of B~ 1/2, while c~, the ratio of v. to vii , decreases according to the relation
where c~0 corresponds to the starting value of % and fm is the ratio of the starting value of Bz to its value after beam expansion. For the case of millimeter wave gyrotrons operating in the fundamental modes, the value of Bz in the rf interaction region is several Tesla. The beam radius after adiabatic expansion can thus get expanded to unmanageably large values, if the unwinding of the beam is done by adiabatic expansion all the way.
To restrict the radius of the beam in the collector region, the adiabatic expansion can be followed by a non-adiabatic transition. This leads to beam heating which can be minimized by suitable choice of profile of the non-adiabatic transition [3] . A transition which is neither adiabatic nor purely non-adiabatic can be used while limiting the radius of the beam, as well as the beam heating [4] . This requires precise tailoring of the magnetic field profile.
After rf interaction the spent beam has a spectrum of energies. For optimum energy recovery the beamlets of different energy need to be collected at different depressed potentials. This energy sorting can be done by the electrostatic field if the magnetic field has been reduced to a low enough value in the collector region: such that the force exerted by the electrostatic field dominates the force due to magnetic field. This is not always possible, due to limitations on the radius of the collectors. However, energy sorting can also be done by
